Abstract: A phytosociological classification of silver fir (Abies alba) forests in the Czech Republic was carried out using the Braun-Blanquet approach. It is based on the formalized and supervised Cocktail classification method. The definitions of associations were created by combinations of sociological species groups using logical operators. Dominance of single species was included in the definitions of associations. All relevés with at least 50% cover of silver fir in tree layer available from the Czech Republic were used for analysis. Three associations within two classes were distinguished. Vaccinio vitis-idaeaeAbietetum albae (Vaccinio-Piceetea, Piceion excelsae) is an oligotrophic, species-poor spruce-pine-fir forest dominated by Vaccinium myrtillus in the herb layer occurring mostly on podzols. Luzulo-Abietetum albae (Querco-Fagetea, Luzulo-Fagion) is an oligo-mesotrophic spruce-fir forest characterized by the dominance of graminoids (Luzula luzuloides, Calamagrostis arundinacea) in the herb layer. It occurs especially on cambisols. Nutrient-demanding species are typical of the stands of herb-rich mesotrophic Galio rotundifolii-Abietetum albae (Querco-Fagetea, Fagion sylvaticae, Galio rotundifolii-Abietenion) that occurs also mostly on cambisols. Soil nutrients and soil reaction (represented by Ellenberg indicator values) were determined as the most important ecological gradients affecting the variation of the vegetation in these communities.
Introduction
Palynological analysis (Rybníček & Rybníčková 1978) document the presence of fir-dominated forests with an admixture of spruce on the territory of the Czech Republic already in the early Subatlantic period (ca 2,000 years ago). Archival sources from the early modern period (15th to 17th century) attest to a high proportion of Abies alba (up to 40-50%) in certain supracolline and submontane areas of the current Czech Republic (Málek 1983) . Up to the beginning of the 20th century, the proportion of fir remained high in some areas (Málek 1983) . In our days, however, silver fir has become an endangered and rare tree species and fir forests belong to the most threatened plant communities of the Czech Republic (Moravec et al. 1995) .
In Central Europe, forests dominated by silver fir (Abies alba) most often occur within vegetation belts characterized by a naturally high proportion of beech (Fagus sylvatica). They can also be found in mountainous areas where they form forest complexes with Norway spruce (Picea abies) communities (Ellenberg 1988) . When considering species composition, Abies alba forests represent a transition between beech and spruce forests (Walentowski 1998; Walentowski et al. 2005) . Vegetation scientists have been debating the origin of fir forests for a long time. Some of them assume that all fir forests represent a natural vegetation type (Husová , 1983 Rybníček & Rybníčková 1978; Neuhäuslová et al. 1997 Neuhäuslová et al. , 1998 Husová and Husová & Moravec in Moravec et al. 2000) . For others, however, only fir stands occurring on soils influenced by ground water table represent a natural (climax) vegetation type, whereas stands on soils with no influence of ground water table are considered to be a seminatural vegetation type affected both by natural processes and by human activity (Málek 1979 (Málek , 1983 Walentowski 1998; Boublík 2005 Boublík , 2007 .
As to the classification of Central European silver fir forests, there are basically two possible approaches: (i) we can create a series of separate associations (Mucina & Maglocký 1985; Oberdorfer 1992; Walentowski 1998; Matuszkiewicz 2002; Walentowski et al. 2005 Walentowski et al. , 2006 or (ii) we can assign them to the same association as Picea abies stands (Mucina et al. 1993; Willner & Grabherr 2007) . In the Czech Republic, the first approach was used in the national vegetation survey probably because of distinctive species composition of fir forests and their different geographical distribution in comparison with montane spruce forests. Four associations of fir forests were distinguished: Carici remotaeAbietetum and Saniculo europaeae-Abietetum within the Fagion alliance and Luzulo pilosae-Abietetum and Deschampsio flexuosae-Abietetum within the Luzuloc 2010 Institute of Botany, Slovak Academy of Sciences Fagion alliance (Husová and Husová & Moravec in Moravec et al. 2000) .
This classification, however, needs to be revised because it is based only on a small number (several dozens) of relevés. In fact, until quite recently fir forests were studied insufficiently in the Czech Republic. There are two main reasons for this deficiency: (i) some authors did not even consider fir forests as climax vegetation (see above) and, more importantly, (ii) fir forests represent a very rare and fragmented vegetation type in the Czech Republic (current proportion of Abies alba in the Czech forests is only 0.9% of total forest area - Šindelář 1995) .
Nevertheless, in the last ca 10 years fir forests have started to attract the attention of the new generation of Czech phytosociologists. They have succeeded in locating new stands of fir forests and they have collected an important number of new phytosociological relevés (e.g. Grulich 2006; Boublík 2007; Boublík & Zelený 2007) . In the same time, formalized phytosociological approaches were introduced into the Central European vegetation science (Chytrý 2000 (Chytrý , 2007 Kočí et al. 2003; Havlová 2006; Roleček 2007; Řezníčková 2007; Douda 2008; Hrivnák et al. 2008) . These approaches have the potential to be applied to all vegetation types in the future. In this paper, fir forests are, for the first time, analyzed with the formalized Cocktail method used in the project "Vegetation of the Czech Republic" (Chytrý 2007 ). The main advantage of the Cocktail method is the fact that the principles of data processing are similar to those used in traditional, non-formalized phytosociology (Bruelheide 2000; Chytrý 2000) and hence it is possible to reproduce the traditionally distinguished units (Kočí et al. 2003) .
Fir forests are usually classified on the basis of changes in species composition which depend on nutrient availability and soil reaction (Ellenberg 1988; Oberdorfer 1992; Pott 1995; Husová and Husová & Moravec in Moravec et al. 2000; Walentowski et al. 2005) . Authors differ as for the assessment of the differences in species composition caused by another essential environmental factor that is soil moisture. Hygrophilous vegetation types are evaluated as associations (e.g. Mucina & Maglocký 1985; Mucina et al. 1993; Husová 1998; Keller et al. 1998; Husová and Husová & Moravec in Moravec et al. 2000; Willner & Grabherr 2007) or subassociations (e.g. Oberdorfer 1992; Walentowski 1998) .
The aims of this paper are (i) to propose a formalized phytosociological classification of forests dominated by silver fir (Abies alba) in the Czech Republic and (ii) to determine the main environmental gradients affecting the vegetation variability of these communities.
Material and methods

Data set selection
First, all relevés dominated by Abies alba (at least 50% cover in tree layer) were selected from the Czech National Phytosociological Database (Chytrý & Rafajová 2003) . In total, 443 relevés were obtained. These data were then processed following the approach used in the project "Vegetation of the Czech Republic" (Chytrý 2007) . A geographical stratification of relevés was performed because of uneven geographical distribution of relevés (Knollová et al. 2005) . The stratification was carried out in such a way that only one relevé was randomly selected for each unit of the geographical grid dividing the Czech Republic into quadrangles of 1.25 longitudinal × 0.75 latitudinal minutes (ca 1.5 × 1.4 km). The most recent relevés and those including moss records were preferred. The resulting stratified database contained 294 relevés. Numerous relevés used for analysis in this paper are not mine. Other authors include especially M. Husová, F. Pišta, V. Grulich and J. Sofron.
Formalized classification
In order to obtain formal definitions as close as possible to the associations used in the non-formalized, traditional Braun-Blanquet approach (Westhoff & van der Maarel 1973) , the Cocktail method was used for classification (Bruelheide 2000; Kočí et al. 2003; Havlová 2006; Chytrý 2007; Roleček 2007; Douda 2008; Hrivnák et al. 2008) . The associations were defined by sociological species groups including co-occurring species, i.e. species with similar ecology and distribution. Co-occurrence of species was quantified using the phi coefficient of association, which ranges from -1 to +1. Positive values of this coefficient indicate a positive association between the species, i.e. the species occur frequently together and only rarely separately. Negative values indicate a negative association between the species, i.e. the species occur mostly separately and only rarely together (Chytrý et al. 2002) .
Sociological species groups were defined subjectively based on expert knowledge. The basis for the constitution of sociological species groups was the whole stratified database (43,814 relevés) obtained from the Czech National Phytosociological Database (Knollová et al. 2005; Chytrý 2007 ). In the process of constitution of sociological species groups (some of them were defined by collaborators of the "Vegetation of the Czech Republic" project), one species characteristic of the target association was subjectively chosen. Then, the Juice program (Tichý 2002 ) was used to determine which of the other species occur most frequently with the chosen species, using the phi coefficient (Chytrý et al. 2002) . In the next phase, these two species were grouped and the phi value was calculated between the occurrence of the two-species group and another species. The same procedure was performed with a three-species group and so on. In this way, sociological groups of species, which have a statistical tendency to co-occur in the whole stratified database of relevés, were created (Havlová 2006) . It is important to underline that each species can be included only in one species group. Minimum number of species per group was fixed at three. A sociological species group was considered as diagnostically present in a relevé under the condition that relevé contained at least half the number of species defining the sociological species group (Chytrý 2007) . The definitions of associations were created by combinations of sociological species groups using logical operators such as AND, OR and NOT. Dominance of single species was also used in the definitions (see the definitions in Results and discussion and the composition of sociological species groups in Table 1 ). The definitions of scree forests associations (see Results and discussion) were created in cooperation with Radim Hédl within the "Vegetation of the Czech Republic" project (Chytrý 2007) . Table 1 . List of sociological species groups used for definitions of associations.
Species group Species
Group Asarum europaeum Asarum europaeum, Campanula trachelium, Polygonatum multiflorum, Pulmonaria officinalis s.l. Group Carex digitata Campanula persicifolia, Carex digitata, Clinopodium vulgare, Pyrethrum corymbosum Group Galium odoratum Dentaria bulbifera, Galium odoratum, Mycelis muralis, Viola reichenbachiana Group Hieracium sabaudum Hieracium lachenalii, Hieracium murorum, Hieracium sabaudum, Luzula luzuloides, Melampyrum pratense Group Lathyrus vernus Galium sylvaticum, Hepatica nobilis, Lathyrus vernus, Melica nutans Group Mercurialis perennis Actaea spicata, Galeobdolon luteum s.l., Geranium robertianum, Mercurialis perennis GroupOxalis acetosella Athyrium filix-femina, Dryopteris filix-mas, Oxalis acetosella, Senecio nemorensis agg. GroupVaccinium myrtillus Avenella flexuosa, Dicranum scoparium, Polytrichum formosum, Vaccinium myrtillus GroupVaccinium vitis-idaea Calluna vulgaris, Dicranum polysetum, Pleurozium schreberi, Vaccinium vitis-idaea These definitions of associations were applied to the classification of all relevés from the stratified database of firdominated forests (294 relevés). In the case of relevés that were assigned to more than one association, the frequencypositive fidelity index (FPFI) was calculated. This index, based on the species composition and the presence of diagnostic species, measures the similarity of a selected relevé to particular associations (Tichý 2005) . Ambiguously classified relevés were assigned to the candidate association with which they had the highest FPFI value.
Diagnostic species determination
The diagnostic species of associations were determined with the help of the Juice program (Tichý 2002) in the following way. First, the number of relevés per unit was equalized (Tichý & Chytrý 2006) . Second, the phi coefficient was used to examine species concentration in relevés of particular associations within the whole data set (Chytrý et al. 2002) . Only species with a high value for this index (i.e. > 0.25) were considered as diagnostic species (this value was determined subjectively in order to obtain an informative list of diagnostic species). The moss layer was integrated into analysis, although it was not recorded in all relevés included in the database. However, the fidelity and frequency values for mosses were based only on the relevés with mosses recorded. Finally, Fisher's exact test (p < 0.001) was used for eliminating the fidelity value of species with a non-significant pattern of occurrence (Chytrý et al. 2002; Chytrý 2007) . As a result, after assignment of relevés to Cocktail-definitions and subsequent FPFI calculation, a synoptic table containing frequency and fidelity values for particular species was created on the basis of the stratified database (294 relevés).
The total unstratified data set of relevés of forests dominated by Abies alba (443 relevés) was classified using Cocktail-definitions in order to create distribution maps of associations.
Revealing patterns in the data Relationships among associations were determined with the help of detrended correspondence analysis (DCA, Hill & Gauch 1980) in the CANOCO 4.5 package (ter Braak & Šmilauer 2002) . The strong influence of dominant species was eliminated using the square-root transformation of species cover data. Major environmental gradients were described using Ellenberg indicator values (Ellenberg et al. 1992) . A simple average for soil reaction, nutrient, moisture, light, temperature and continentality was calculated for each relevé. All six Ellenberg indicator values were passively projected onto a DCA ordination diagram as supplementary environmental variables; all of them have significant Spearman rank correlation coefficient (p < 0.001) with the relevé scores on the 1st and/or the 2nd ordination axis. Spearman correlation coefficients were calculated using STATISTICA 8.0 program (http://www.statsoft.com).
Nomenclature
The nomenclature of taxa follows Kubát et al. (2002) for vascular plants and Frey et al. (1995) for bryophytes. The delimitation of other species aggregates, denoted with the abbreviation "s.l.", follows Chytrý (2007) . The nomenclature of soil units follows World reference base for soil resources (ISSS-ISRIC-FAO 1998). The classification of humus forms follows Němeček et al. (2001) . The concept of altitudinal vegetation belts is that of Skalický (1988) .
Results and discussion
Formalized classification
Three associations of fir forests within two classes (Vaccinio-Piceetea, Querco-Fagetea) were distinguished on the basis of formalized classification (see Table 1 for the composition of sociological species groups). From the stratified database of relevés of forests with at least 50% cover of Abies alba in tree layer (294 relevés), 230 relevés (78%) were assigned to an association with the help of Cocktail definitions. It is a relatively high proportion in comparison with recently published outcomes of the same type of research Roleček 2007; Douda 2008 ; but see Šilc & Čarni 2007) . This success is probably due to complicated and, hopefully, comprehensive definitions of associations (see below). Four ambiguously classified relevés (on the basis of the Cocktail-definitions) were assigned to the candidate association with which they had the highest FPFI value. 229 relevés were assigned by Cocktail-definitions to associations of fir forests. Only five relevés were classified as scree forests: two cases of Fraxino excelsiorisAceretum pseudoplatani (Koch 1926) Rübel 1930 ex Tüxen 1937 and three cases of Arunco-Aceretum Moor 1952 (see Fig. 1 ).
1 In this paper, I will not deal with scree forests because most often they are not dominated by Abies alba.
1 Within the "Vegetation of the Czech Republic" project fir is not considered to be a dominant tree species in other forest communities (e.g. beech forests) because the definitions of associations eliminate fir as a dominant tree species. Relevés, which were not classified neither on the basis of the Cocktail-definitions nor with the help of the subsequent FPFI value calculation, appear close to the mesotrophic Galio rotundifolii-Abietetum in ordination space (see Fig. 1 ). These relevés contain numerous mesotrophic species typical of Galio rotundifoliiAbietetum but not enough to constitute a group noticeable by the Cocktail method. In fact, the Cocktail method (in the way it is used by the "Vegetation of the Czech Republic" project) records a sociological species group only if a relevé contains at least 50% of species included in the definition of a sociological species group. Structure, ecology, distribution and variability of associations In the Czech Republic, fir forests occur in supracolline and submontane (rarely in montane) vegetation belts at altitudes ranging from 300 to 990 m. Most often, they constitute relatively small stands (usually up to several hectares). The most extensive stands can be found in the Bohemian Forest foothills and in the Moravian Carpathians (tens of hectares).
Species composition, ecology, distribution and internal variability of distinguished associations of fir forests are described below (see also Figs 1, 2 and Table 2).
Vaccinio vitis-idaeae-Abietetum albae Oberdorfer 1957 (Vaccinio-Piceetea, Piceion excelsae)
Definition: Abies alba cover > 50% AND (Group Vaccinium myrtillus OR Group Vaccinium vitis-idaea) NOT (Fagus sylvatica cover > 25% OR Group Oxalis acetosella OR Group Lathyrus vernus OR Group Asarum europaeum OR Group Carex digitata OR Group Galium odoratum) VA -Vaccinio vitis-idaeae-Abietetum albae; LA -Luzulo-Abietetum albae; GA -Galio rotundifolii-Abietetum albae.
Vaccinio-Abietetum is an oligotrophic acidophilous species-poor fir forest with an admixture of Picea abies and Pinus sylvestris in the tree layer. Picea abies is abundant in the shrub layer. Vaccinium myrtillus or Avenella flexuosa predominate in the herb layer, whereas mesotrophic species are absent. The moss layer plays an important role in the community structure; it is composed of common acidophilous forest species (e.g. Dicranum scoparium, Pleurozium schreberi, Polytrichum formosum). The species of the Vaccinio-Piceetea class also occur (e.g. Bazzania trilobata, Dicranum polysetum, Sphagnum girgensohnii).
This association occurs especially in southern Bohemia. It appears mostly on cambisols and podzols developed from granites, gneisses or gravel-sand sediments. Mor represents the most frequent humus form (Boublík & Zelený 2007) . The stands of this association are recorded in Germany (Oberdorfer 1992; Pott 1995; Walentowski 1998; Walentowski et al. 2005 Walentowski et al. , 2006 , Austria (Zukrigl 1973; Mucina et al. 1993 ), Slovakia (Mucina & Maglocký 1985) , Switzerland (Kuoch 1954; Ellenberg & Klötzli 1972; Keller et al. 1998 ) and southern France (Boublík ined.) .
A vegetation type characterized by the presence of hygrophilous species (e.g. Calamagrostis villosa, Carex brizoides, Thuidium tamariscinum), which occurs on hydromorphic soils (planosols), can be distinguished within this association, besides typical stands of Vaccinio-Abietetum.
Luzulo-Abietetum albae Oberdorfer 1957 (QuercoFagetea, Luzulo-Fagion)
Definition: Abies alba cover > 50% AND (Group Oxalis acetosella AND (Group Hieracium sabaudum OR Group Vaccinium myrtillus)) NOT (Fagus sylvatica cover > 25% OR Group Galium odoratum OR Group Lathyrus vernus OR Group Asarum europaeum OR Group Carex digitata OR Group Mercurialis perennis) Luzulo-Abietetum is an oligo-mesotrophic fir forest with a significant admixture of Picea abies in the tree layer. Acidophilous graminoids, such as Luzula luzuloides, Avenella flexuosa or Calamagrostis arundinacea usually dominate the herb layer. Contrary to VaccinioAbietetum, mesotrophic species occur in this association (e.g. Athyrium filix-femina, Dryopteris filix-mas, Senecio nemorensis agg.). The moss layer is well developed. It contains various forest species. Dicranum scoparium, Hypnum cupressiforme s.l., Plagiomnium affine s.l. and Polytrichum formosum usually dominate.
Luzulo-Abietetum has a broader geographical distribution than Vaccinio-Abietetum. For instance, it can be found in the Carpathians where Vaccinio-Abietetum is absent due to the fact that local bedrocks and soils are rich in nutrients. The stands of Luzulo-Abietetum usually appear on cambisols and podzols (transitions to leptosols occur on slopes) with typical mor, morlike moder and typical moder as the most frequent humus forms (Boublík & Zelený 2007) . This association is reported from Switzerland (Ellenberg & Klötzli 1972; Keller et al. 1998 ), Germany (Oberdorfer 1992 Pott 1995; Walentowski 1998; Walentowski et al. 2005 Walentowski et al. , 2006 , Austria (Zukrigl 1973; Mucina et al. 1993) and Slovakia (Mucina & Maglocký 1985) .
Within Luzulo-Abietetum, two vegetation types with different soil water regime can be distinguished. Typical stands without any differential species occur on cambisols and podzols. Hygrophilous species such as Bazzania trilobata, Chaerophyllum hirsutum, Deschampsia cespitosa, Equisetum sylvaticum, Myosotis palustris agg., Sphagnum sp. div. and Stellaria nemorum differentiate stands growing on planosols and gleysols.
Galio rotundifolii-Abietetum albae Wraber (1955) 1959 (Querco-Fagetea, Fagion sylvaticae, Galio rotundifolii-Abietenion) Definition: Abies alba cover > 50% AND (Group Galium odoratum OR Group Asarum europaeum OR Group Lathyrus vernus) NOT Fagus sylvatica cover > 25%
Galio-Abietetum is a mesotrophic, herb-rich forest dominated by Abies alba. An admixture of Picea abies is common in the tree layer. In scree habitats, the shrub layer contains Corylus avellana, Lonicera nigra, L. xylosteum, Sambucus nigra and S. racemosa. Mesotrophic forest species of the Fagetalia order dominate in the herb layer (e.g. Dryopteris filix-mas, Galeobdolon luteum s.l., Galium odoratum, Mercurialis perennis, Oxalis acetosella, Senecio nemorensis agg.), whereas acidophilous species have low abundance. The moss layer is composed of oligotrophic and mesotrophic species (e.g. Eurhynchium angustirete, Hypnum cupressiforme s.l., Plagiomnium affine s.l., Polytrichum formosum).
Galio-Abietetum occurs especially in the southwestern part of Bohemia and in the Moravian Carpathians on cambisols and leptosols usually with typical moder (Boublík & Zelený 2007) . The stands of this association are reported from Switzerland (Ellenberg & Klötzli 1972; Keller et al. 1998 ), Germany (Oberdorfer 1992 Pott 1995; Walentowski 1998; Walentowski et al. 2005 Walentowski et al. , 2006 , Slovenia (Wraber 1959) and Slovakia (Mucina & Maglocký 1985; Šomšák 1986 ). Similar communities (under different names) are recorded in Austria (Zukrigl 1973; Mucina et al. 1993) and Poland (Matuszkiewicz 2002) .
Depending on altitudinal gradient, geological substrate and soil water regime, it is possible to distinguish four vegetation types of Galio-Abietetum in the Czech Republic: (i) Stands of Galio-Abietetum with species of the Carpinion alliance and rocky outcrops (e.g. Galium sylvaticum, Campanula persicifolia, Polypodium vulgare) can be found on steep slopes in river valleys in the Bohemian Massif. (ii) At higher altitudes, a vegetation type of mesotrophic fir forests characterized by the presence of Fagion species (e.g. Asarum europaeum, Galium odoratum) appears. (iii) The fir forests which occur, though very rarely, on limestones in the Bohemian Forest foothills and in the Moravian Karst contain many light-demanding and basiphilous species such as Euphorbia cyparissias, Brachypodium pinnatum, Clinopodium vulgare and Viola hirta. In Germany and Austria, similar vegetation types are assigned to Pyrolo secundae-Abietetum (Oberdorfer 1992; Walentowski 1998; Willner & Grabherr 2007) . In the Czech Republic, however, small number of relevés and variable species composition do not allow to distinguish this association by the Cocktail method. (iv) Hygrophilous vegetation type of Galio-Abietetum can be found on Table 3 . Syntaxonomical comparison between vegetation units distinguished by Husová and Husová & Moravec in Moravec et al. (2000) and units used in this paper. Moravec et al. (2000) Classification unit used in this paper
Deschampsio-Abietetum deschampsietosum Luzulo-Abietetum albae Deschampsio-Abietetum calamagrostietosum Galio rotundifolii-Abietetum albae with species of Carpinion and rocky outcrops Luzulo pilosae-Abietetum Luzulo-Abietetum albae -hygrophilous subtype Saniculo europaeae-Abietetum Galio rotundifolii-Abietetum albae with Fagion species Carici remotae-Abietetum Galio rotundifolii-Abietetum albae -hygrophilous subtype gleysols and planosols. It contains hygrophilous species of forest springs (e.g. Cardamine amara, Ranunculus repens, Caltha palustris, Myosotis palustris agg.).
Ecological gradients corresponding to the classification The ordination diagram (Fig. 1) They are considered to be of less importance in the process of classification. Moisture gradient corresponds to types of each association containing hygrophilous species (see also Walentowski et al. 2005) .
Syntaxonomical interpretation of other fir forest associations reported from the Czech Republic In this paper, the German classification approach is adopted (Walentowski 1998; Walentowski et al. 2005 Walentowski et al. , 2006 ) since it well reflects major gradients in the vegetation of fir forests (see above). The vegetation survey of the Czech Republic (Husová and Husová & Moravec in Moravec et al. 2000) proposed a completely different classification. These authors distinguished four associations of fir forests (acidophilous Deschampsio flexuosae-Abietetum and Luzulo pilosae-Abietetum, herb-rich Saniculo europaeae-Abietetum and Carici remotae-Abietetum). However, their classification does not reflect the total variability of fir forests occurring in the Czech Republic. Two major reservations can be expressed in this regard. First, no vegetation types for the most oligotrophic communities dominated by Vaccinium myrtillus (assigned to Vaccinio vitis-idaeae-Abietetum in this paper) were explicitly proposed by Husová and Husová & Moravec in Moravec et al. (2000) . Second, Deschampsio-Abietetum was defined too broadly. In fact, in addition to acidophilous fir forests (Deschampsio-Abietetum deschampsietosum flexuosae), this association encompassed also mesotrophic communities (DeschampsioAbietetum calamagrostietosum arundinaceae). Since nutrient supply and soil reaction are the most significant ecological factors within fir forests (Fig. 1) , the classification of mesotrophic communities into a separate association Galio rotundifolii-Abietetum seems to be more appropriate. For the same reason, hygrophilous vegetation types are not recognized as separate associations in this paper (in accordance with Walentowski 1998 and Walentowski et al. 2005) : Luzulo pilosaeAbietetum and Carici remotae-Abietetum represent hygrophilous vegetation types of Luzulo-Abietetum albae and Galio rotundifolii-Abietetum albae, respectively. Table 3 offers a comparison between vegetation units distinguished by Husová and Husová & Moravec in Moravec et al. (2000) and units used in this paper. It is also possible to recognize separate associations of scree forests dominated by silver fir (see Šomšák 1992) . Since dominance of fir does not have an important influence on the herb layer of scree forests (probably due to extreme soil conditions), no separate association was distinguished for Abies alba-dominated scree forests in this paper.
